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1. Introduction
The approved WID [1] includes DL MIMO efficiency enhancements for LTE, and main target of the enhancements is to enhance SRS coverage and capacity. As captured in WID objectives, additional SRS resource allocation regions need to be introduced, including more than one symbol for one UE or for multiple UEs on a normal UL subframe.
In previous RAN1 meetings, the following agreements regarding additional SRS symbols were made:
	Working Assumption

When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.
Agreement

Guard period for frequency hopping and/or antenna switching can be configured regardless of intra-subframe repetition configuration. 

· It is up to RAN4 to introduce a UE capability for those UEs which do not require guard period.

· Including whether to have separate UE capabilities for frequency hopping and antenna switching if such UE capability is introduced

Agreement
For configuration of additional SRS: 
· Start position and number of symbols for additional SRS includes guard symbols if configured

Agreement
The existing power headroom (PH) type 3 is reused for selectively reporting additional SRS or PUSCH-less SCell SRS.


In this contribution, we discuss the remaining issues for SRS including details on additional SRS configuration, guard symbol configuration, and power headroom report for additional SRS.
2. Discussions
2.1. Remaining issues on additional SRS configuration
In previous meeting, for the UE-specific symbol level position of additional SRS within a subframe, it was agreed that two parameters of the starting symbol index and the duration of SRS symbols are supported. As agreed above, new RRC parameter of additionalSRS-duration in the endorsed version of RRC parameter list[6] can also include potential guard symbols if configured. It is still controversial whether the gap symbol between additional SRS symbols(frequency hopping and/or antenna switching case) can be configured by implicit way or explicit way. According to the identified proposals on the implicit way, eNB can configure additionalSRS-duration to a UE including potential guard symbol if the UE reported whether the guard symbol for frequency hopping and/or antenna switching is needed or not. However, it seems still unclear how the guard symbol can be configured implicitly and it should be more clarified. On the other hand, with the explicit way which was also discussed during the email discussion after the RAN1 #98-bis meeting, UE can easily understand that the guard symbol is needed or not by simple configuration of ON/OFF switch for the guard symbol from eNB. This can be cleaner configuration of additional SRS for both UE and eNB. One thing we have to decide carefully is about a payload size of the ON/OFF switch which can be either 1-bit or 2-bit. The 1-bit ON/OFF switch for guard symbol is not sufficient in terms of different UE capability, since it seems to always tie the two functionalities of frequency hopping and antenna switching, to be both ‘TRUE’ or not, where it can be waste for an enhanced UE which needs guard symbol only for antenna switching. It can also cause lack of time-domain resource for a UE and multiple UEs in a subframe if we have only 1-bit ON/OFF switch and the ‘ON’ means always every guard symbol inserted between any adjacent additional SRS symbols(frequency hopping and/or antenna switching case). So, we prefer 2-bit ON/OFF switch, which can choose whether guard symbol is needed for both AS and FH or either of AS and FH, for full flexible configurability of guard symbol, and can save such unnecessary guard symbol allocations depending on UE capability. Otherwise, it may be much cleaner way to consider one simple bit-map based parameter of additional SRS configuration, which can solve all the above problems and unnecessary issues, sufficiently.
Proposal 1: Considering clear and simple configuration of additional SRS symbols in relation to guard symbols, explicit 2-bit signalling of guard symbol configuration for antenna switching and/or frequency hopping should be supported.
As agreed in RAN1#96-bis meeting, concurrent configuration of antenna switching and frequency hopping/repetition in the same subframe is agreed to be supported in Rel-16 LTE. When eNB configures additional SRS symbols to a UE with antenna switching and frequency hopping/repetition concurrently in the same subframe, it is an efficient way that the UE firstly performs frequency hopping/repetition before switching antenna port(s), which has benefits to reduce frequent allocation of symbol gaps unnecessarily, also concluded as working assumption in RAN1 #97.

For the case of frequency hopping/repetition only, it had been agreed that “At least for the support of SRS repetition nSRS = floor(l’/R), where [image: image2.png]
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 is the OFDM symbol number,  is the number of configured SRS symbols, and R is the repetition factor for the configured UE.”, where it should be noted that l’ is a re-numbered counting variable for the actual SRS transmissions. According to the agreement, nSRS is a counter for the number of UE-specific SRS transmissions and can be increased by symbol-level granularity. 

For the case of antenna switching only, based on Rel-15 LTE specification including the relevant behavior of “a(nSRS) = nSRS mod P” (e.g., P=4 for 1T4R), antenna port switching occurs as nSRS is increased. Note the granularity of nSRS in current LTE specification is a subframe-level. Here, to update this for the symbol-level granularity, the counter nSRS should be updated as “nSRS can be increased by the OFDM symbol number l’ (e.g., nSRS = l’) if only antenna switching is configured for a UE”, where it should also be noted that l’ is a re-numbered counting variable for the actual SRS transmissions.
For the case of concurrent configuration of antenna switching and frequency repetition/hopping, however, the above mentioned existing behavior of “a(nSRS) = nSRS mod P” should at least be revised to properly accommodate frequency hopping/repetition behaviors as well, based on the working assumption to apply frequency hopping/repetition first and followed by antenna switching. Therefore, a proper behavior would be that “the UE antenna (pair) that transmits the SRS at time nSRS, i.e., a(nSRS)” can only be changed after all hopping bands are completely sounded, which needs to be captured as a revised equation such as a(nSRS) = floor(nSRS /K) mod P, where K is the number of hops for the same antenna which is given as [image: image7.wmf]Õ
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in Section 8.2 of [4].

Proposal 2: For the case of concurrent configuration of antenna switching and frequency repetition/hopping, the existing behavior on “the UE antenna (pair) that transmits the SRS at time nSRS, i.e., a(nSRS)” should be revised according to the working assumption such that a UE antenna (for antenna switching) can only be changed after all hopping bands are completely sounded.
2.2. Power headroom report for additional SRS
In the last meeting, it was agreed that power headroom (PH) type 3 is reused for selectively reporting additional SRS or PUSCH-less SCell SRS. In the current LTE specification on power headroom report (PHR), power headroom (PH) type 1, 2, and 3 are supported which are for PUSCH, PUCCH, and PUSCH-less SCell SRS, respectively. Basically, since PH type 3 is used only for PUSCH-less SCell, PH of additional SRS on PCell and SCell with PUSCH cannot be reported by current MAC CE structure (figure 1) at this stage.

Looking into current PHR MAC CE of the figure 1, one octet for indicating the presence of PH per SCell is included first in MAC CE, and then an octet containing the Type 2 PH (PUCCH on PCell) field is included and followed by an octet containing the associated PCMAX,c field (if reported), according to the current TS 36.321 specifications[5]. Similary, Type 1 PH (PUSCH on PCell) related field is included as well after the Type 2 PH related field. Lastly, according to whether a SCell is with PUSCH or without PUSCH, Type 1 PH (PUSCH on SCell) or Type 3 PH (legacy SRS on SCell) can be reported for each SCell. 

In order to additionally support Type 3 PH of additional SRS on PCell and SCell with PUSCH in Rel-16 PHR MAC CE, additional octet(s) for Type 3 PH field of additional SRS on PCell should exist right after Type 1 PH (PUSCH on PCell) related field, if additional SRS is configured for the PCell. Also, additional octet(s) for Type 3 PH field of additional SRS on each SCell, if additional SRS is configured for the SCell, should exist right after Type x PH (regardless of x = 1 or 3) related field for the SCell.
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Figure 1. Extended PHR MAC Control Element (if PUCCH on SCell is not configured)
Proposal 3: The current PHR MAC CE structure should be enhanced for Rel-16 additional SRS with newly implementing Type 3 PH field of additional SRS on PCell and Type 3 PH field of additional SRS on SCell.

3. Conclusion

In this contribution, we have discussion on the enhancements on SRS, and provided proposals as follows:
Proposal 1: Considering clear and simple configuration of additional SRS symbols in relation to guard symbols, explicit 2-bit signalling of guard symbol configuration for antenna switching and/or frequency hopping should be supported.
Proposal 2: For the case of concurrent configuration of antenna switching and frequency repetition/hopping, the existing behavior on “the UE antenna (pair) that transmits the SRS at time nSRS, i.e., a(nSRS)” should be revised according to the working assumption such that a UE antenna (for antenna switching) can only be changed after all hopping bands are completely sounded.

Proposal 3: The current PHR MAC CE structure should be enhanced for Rel-16 additional SRS with newly implementing Type 3 PH field of additional SRS on PCell and Type 3 PH field of additional SRS on SCell.
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